Introduction
Although good outcomes have been reported from the surgical treatment of tibia and femur diaphysis fractures, nonunion can always be a troubling complication. Nonunion may be seen as oligotrophic, hypertrophic, or atrophic. Hypertrophic nonunion differs from other forms of nonunion, as there is still the biological capacity for union. This nonunion type occurs as a result of mechanical instability. Many methods have been reported to enhance stability in the treatment of nonunion, such as plate, intramedullary (IM) nail, or external fixator. The standard treatment is to exchange the IM nail for a larger size, with or without applying graft.
The aim of this study was to evaluate the treatment of hypertrophic nonunion with closed reduction and fracture stability with LISS and to assess if this method was sufficient to achieve union without the necessity of grafting.
Materials and Methods
A retrospective evaluation was made of 16 patients with aseptic hypertrophic nonunion of the lower extremity treated with LISS between 2006 and 2009.
The diagnosis of nonunion was made clinically and radiologically. Clinical nonunion was defined as patients with pain and motion at the fracture site and radiological nonunion as no bone bridging observed 6 months after the initial treatment. The cases of hypertrophic nonunion included in the study met the criteria of the Weber and Cech classification. Patients were excluded if they had draining fistulas or infection determined by erythrocyte sedimentation rate, serum Creactive protein, and white blood cell levels or if the nonunion was septic.
The patients comprised 9 males and 7 females with a mean age of 24 years (range, 15-48 years). The bones involved were 2 Advances in Orthopedic Surgery 7 tibias and 9 femurs with time of nonunion ranging from 7 to 18 months. Two patients were previously managed by cast immobilization only, and the remaining 14 patients were initially treated surgically with intramedullary nailing, 6 of whom had undergone intramedullary nail exchange.
Antibiotic prophylaxis was administered 30 minutes before surgery. The patients were positioned supine on a radiolucent operating table. After the necessary draping and preparation, the previous implants in 14 patients were removed from the previous skin incision (Figure 1 ). Reduction, alignment, and rotation were corrected under fluoroscopy; then tibial and femoral LISS implants were inserted without opening the fracture site ( Figure 2 ). Postoperative active and passive range of motion exercises were started as soon as could be tolerated. All patients were mobilized on 2 crutches with partial weight-bearing. Antibiotic prophylaxis was continued for 2 days postoperatively. The mean duration of hospitalization was 5.6 days (range, 3-10 days). The patients were followed up clinically and radiologically on postoperative day 1 and then at 3, 6, and 12 weeks and 6, 9, 12, and 18 months. Radiological evaluation was made from standing anteroposterior and lateral radiographs. Clinical evaluation was based on pain, motion in the fracture site, infection, and function. A visual scale was used to evaluate the pain. Union was defined radiologically when there was bridging callus in at least three cortices (Figure 3 ).
Results
In this study, union was achieved in all patients at mean 7 months (range, 4-12 months). Superficial infection was determined in 3 cases (2 femurs and 1 tibia) which was successfully treated with oral antibiotics. Shortening of the limb of <2 cm was seen in 3 (13%) of the patients (1 femur and 2 tibias). No implant loosening or breakage of implants was determined. All patients achieved functional extremities without instability or pain.
Discussion
Bone fracture initiates a cascade of events to heal the bone [1, 2] . Any disruption to this cascade from biological or mechanical factors such as poor bone quality, comminution, bone loss, soft tissue damage, infection, insufficient mechanical stabilization, multiple surgery history, or smoking may result in delayed union or nonunion [1, 2] .
Nonunion can be classified on the basis of anatomy, the presence and absence of infection, healing potential, or stiffness. The Weber and Cech classification is used for hypertrophic or atrophic nonunion based on the capability of biological reaction [3] . The hypertrophic form is characterized by abundant callus formation and a persistent radiolucent line at the fracture site. This form especially occurs due to lack of mechanical stability, but there is a sufficient blood supply and new bone formation. This nonunion type has biological potential and often only requires the addition of fracture stability to be able to achieve union.
Treatment of hypertrophic nonunion can be achieved through enhancement of stability. Therefore, many surgical techniques have been applied, including screw and plate fixation, external fixation, intramedullary nailing, bone transport, and free fibula grafting with or without bone grafting [2, [4] [5] [6] [7] [8] . However, if there is a history of surgery, the most popular treatment is to exchange the nail for a larger size with or without debridement at the nonunion site. If there is no surgical history or deformity, then open reduction and stabilization by plating with bone graft has been a standard treatment for diaphyseal nonunion of long bones [6, [9] [10] [11] . Some authors such as Bellabarbo and Weresh have reported difficulties and failure of exchange reamed intramedullary nails in nonunited femoral shaft fractures [6, 10, 11] . In the light of this, new techniques have been developed using LISS to enhance mechanical stability in lower extremity long bone hypertrophic nonunion, as was used in the current study [12] [13] [14] .
When literature is examined, LCP was introduced for four reasons: (1) osteoporotic bone fracture, (2) comminution at the fracture site, (3) intra-articular fracture, and (4) short segment periarticular fracture [15] [16] [17] . The advantage of LCP is that stability does not depend on compression between the plate and bone and the periosteal blood supply to the fracture fragments is better preserved compared to DCP [16, 17] . Although many authors have tried to use this advantage for nonunion treatment, because of the prolonged immobilization periods and repeated operations required in severely osteopenic bones, good screw hold can not be achieved.
Therefore, as a new treatment modality, LCP augmentation has been used with retaining hardware in cases previously treated with IM nail [5, 9, 10, 13, 14] . The advantages of the retaining nail are as follows: (1) alignment of the fracture is maintained and could help to maintain stability, (2) sometimes removal of the broken screw or nail may not be possible, and (3) there is no additional operating time entailing more blood loss and more soft tissue damage [15] [16] [17] . Chen et al. treated 55 patients with aseptic nonunion of femoral shaft fractures by retaining previous implants, open reduction, and internal fixation with DCP and supplementation with cancellous bone graft [12] . All nonunions united at 24 weeks and superficial wound infection developed in 1 case. Nadkarni et al. evaluated 11 patients who had previously undergone locked intramedullary nailing for fractures of long bones [13] . In all cases, the fracture site was exposed and LCP was applied over the intramedullary nail with autologous bone graft. Radiological union was achieved in all cases at 6.2 months and no complications developed. Kumar evaluated the role of locking plate with graft in difficult nonunion fractures. Roetman et al. analyzed augmentive plate fixation in 32 femoral nonunions after intramedullary nailing and it was concluded that augmentive plate fixation while leaving the nail in situ is simple and safe [14] . Different studies have found a union rate from 94% to 100% with plating [13, 14] .
Although some authors have reported excellent results from the open method using LCP, there may be problems in the application of the plate due to bone surface deformation associated with hypertrophy at the fracture site. However, Wagner reported excellent results and showed that plate can be applied easily with no need to mould the plate [17] .
In light of this information in literature, we considered that, with enhanced stability, union could be achieved without debridement and grafting. Therefore, all the patients in this study were treated with LISS applied with closed reduction and without any bone graft. Using the closed method resulted in a shorter operating time, less blood loss, no donor site problems for a bone graft area, and, consequently, less pain and less analgesia requirement. In this study, 16 patients with nonunion of the long bones were treated with LISS applied with the closed method without any bone graft. Union was achieved in all patients in mean 7 months (range, 4-12 months).
In conclusion, hypertrophic bone nonunion has an excellent blood supply and biological potential, so there is no need for bone grafting and just the addition of fracture stability will be enough to provide full osseous union. LISS provides fracture stabilization with soft tissue protection through the use of a limited approach and percutaneous screw insertion.
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